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This bulletin is a technical report of the development of a test pro-
cedure to evaluate the rug cleaning performance of domestic vacuum 
cleaners. It is intended for persons desiring to make tests on vacuum 
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secure data published in the Journal of Home Economics, 51:2; Feb-
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A Procedure for Measuring the Rug 
Cleaning Ability of Vacuum Cleaners 
By Arnold Baragarl 
INTRODUCTION 
To secure information about the rug cleaning ability of vacuum 
cleaners for domestic use, a simple and easy to perform procedure has 
been developed for all types of vacuum cleaners. Results can be 
duplicated. 
The procedure consists of embedding a 135-gram sample of syn-
thetic dirt in a test rug and measuring the amount of dirt removed by 
a vacuum cleaner when cleaning at the rate of l .5 feet per second-
a cleaning time equivalent to 12 minutes for a 9 ft. x 12 ft. rug. 
In developing the test procedure it was found that natural dirt, 
naturally embedded in a rug, could not furnish accurate data about 
the quantity of dirt removed by the cleaner because of the uncer-
tainty of knowing how much dirt was in the rug before cleaning. Also, 
the composition of the dirt in the rug varied between tests. 
To determine the amount of dirt removed, it was necessary to 
control the amount and composition of dirt in the rug. This required 
a synthetic dirt artificially embedded. By using synthetic dirt the size 
of the rug could be limited so that the rug could be weighed. Carpeting 
27 inches wide and 72 inches long was chosen for the test rug. 
Development of Synthetic Dirt 
To determine the composition of dirt removed from rugs under 
home living conditions, 107 samples of vacuum cleaner sweepings were 
obtained through the cooperation of home economists living in 40 
states. Geographic distribution of the dirt samples received is given in 
Table 1. 
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1 Associate Professor of Home Economics and Associate Home Economist (Housing 
and Equipment) . 
For the first separation the entire sample of sweepings was emptied 
into a ?????????wire mesh sieve and covered; then the sieve was vigor-
ously shaken until no more fluff and dirt could be separated. 
Every sample of sweepings contained some fluff and sometimes 
other substances such as cellophane, hairpins, paper clips, . rubber 
bands, toothpicks, paper, and thread. The fluff and miscellaneous ma-
terial were sacked and stored. 
The dirt was further separated into particle sizes by the use of 
number 16, 30, 50 and 200 standard sieves, thus providing five groups 
of particle sizes, individual particles ranging from less than 74 microns 
to over 1190 microns in diameter. For this separation a 10-gram sample 
of dirt from the first separation was used. The word dirt, as used in 
this report, denotes the inorganic and organic particles of varying 
diameters found in vacuum cleaner sweepings. 
A microscopic examination of the fluff showed that dirt particles 
were clinging to the fluff; so a 5-gram sample of dirty fluff was washed 
in carbon tetrachloride, the fluff squeezed free of liquid, dried and 
weighed. The liquid containing dirt was filtered through a Buchner 
funnel. The dirt and filter paper were dried, the dirt weighed and then 
separated into particle sizes through the standard sieves. 
The dirt obtained from cleaning the fluff was added to the dirt 
from the first separation and from these data the amount of dirt and 
fluff in the sample of sweepings was calculated on a percentage basis. 
The dirt was further separated into inorganic and organic matter by 
firing a sample of the dirt obtained from the separations through the 
standard sieves and the results calculated on a percentage basis. 
Results of the analysis are listed in Tables 1, 2, and 3, according 
to the regions supplying the vacuum cleaner sweepings. The percent-
ages in Table 1 do not total 100 since no analysis was made for oil and 
oily substances in the samples. It is presumed that the remaining per-
centages would indicate the amount of the oily substances present. 
Table 2. Average percentage of dirt particles collected on numbers 16, 30, 50 and 
200 sieves and passing through number 200 sieve. 
Number On On On On Thru 
Region of # 16 # 30 #50 #200 # 200 
samples sieve sieve sieve sieve sieve 
New England 15 3.7 6.4 15.8 30.4 43.7 
Middle Atlantic 11 4.9 3.5 10.7 29.8 51.l 
South Atlantic 11 2.6 2.4 7.9 33.4 53.7 
East North Central 12 2.3 2.6 9.6 31.8 53 .7 
East South Central 6 l.7 2.3 9.4 31.9 54.7 
?est North Central 19 5.2 5.1 10.6 26.5 52.6 
West South Central 15 l.9 2.4 7.7 27.4 60.6 
Mountain 13 3.l 3.l 8.0 30.0 55.8 
Pacific 5 2.5 3.3 8.3 26.3 59.6 
Weighted Average 3.3 3.7 10.l 29.5 53.4 
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Table 3. Average percent age of organ ic matter in each category of vacuum cleaner 
d irt. 
No. of On On On Thru Unsep- Un-
Region sam- # 30 # 50 #200 # 200 a rated cleaned 
pl es sieve sieve sieve si??? din Au ff 
New England 15 30.2 26.9 44.2 45 .9 47.4 69 .8 
Middle At lantic ?? 51.2 56.8 ??.3 51.3 58.4 76.7 
South Atlantic II 50.5 42.5 49.9 49.I 47.6 63.8 
East North Central 12 56.0 49.2 59.6 .52.7 49.6 71.2 
East South Central 6 48.9 36.2 51.6 46.2 46.5 70.0 
West North Centra l 19 47 .2 47.7 59.2 46.3 53.4 75.3 
West South Centra l 15 38.I 38.3 46.3 38.7 38.2 64.6 
Mountain 13 49.5 56.9 63.2 48.3 51.9 74.6 
Pacific 5 42.9 37.7 54.7 38.6 50.3 67.9 
W?ighted Average 45.4 44.0 54.7 46.6 49.2 70.8 
Using the data from the analysis of these samples as a basis, a 
synthetic dirt was compounded from two types of Amberlite, talc, and 
fine sand. Amberlite XE-97 was used for organic material that would 
pass through a number 200 sieve, and Amberlite XE-117 for organic 
material passing through a number 50 sieve. For inorganic material, 
talc was used for particles that would just pass through a number 200 
sieve, and fine sand was used for the remainder. The synthetic dirt was 
composed of 50 percent inorganic matter and 50 percent organic mat-
ter. In terms of particle diameters, the synthetic dirt had the following 
composition: 
553 of particles passed through a #200 sieve (74 microns or Jess 
in diameter) . 
27 3 of particles passed through a #50 sieve and were collected on 
a #200 sieve (297-75 microns in diameter). 
183 of particles passed through a #30 sieve and were collected on a 
# 50 sieve (590-298 microns in diameter). 
Particles larger than 590 microns in diameter were omitted. Par-
ticles of this larger size could not be successfully embedded in the test 
rug by the various methods tried . 
Control of Variab les 
Control of variables is advantageous in any test method. Variables 
associated with the cleaning ability of vacuum cleaners are shown in 
Chart I. Fortunately, for the sweeper or upright cleaner, all of these 
variables can be controlled either by the design of the cleaner or by 
control of the test conditions. For the tank and canister cleaners the 
variables associated with the testing are not as easily controlled. "Con-
tact of the nozzle with the rug" and "pile agitation" demand manipu-
lation of the cleaning nozzle by the operator. Nevertheless, the affect 
the operator has upon the test resu lts can be kept to a minimum by 
careful manipulation of the vacuum cleaner. 
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Chart l. Variables affecting the deaning ability of vacuum cleaners. 




To study the effect the rug has on the cleaning ability of the 
vacuum cleaner, four test rugs were used in developing the test pro-
cedure. Specifications were as follows: 
All of the test rugs were 27" x 72" long. 
Rug 1.-Wilton, 2 ply wool yarn, pile height 0.25 inch, 2 jute 
stuffers, 3 frame, 2 shot, 256 / 27" pitch, IO wires per inch. Initial 
conditioned weight, 2845 grams. 
Rug 2-Textured Wilton, 2 ply wool yarn, cut pile height 0.33 inch, 
loop pile height 0.20 inch, 2 jute stuffers, single chain with two weft 
in pairs, 2 shot, 256 / 27" pitch, 13 wires per inch. Initial conditioned 
weight, 2976 grams. 
Rug 3.-Velvet, 3 ply wool yarn, pile height 0.27 inch, 3 jute stuff-
ers, 2 shot, 216/ 27" pitch, 8 wires per inch. Initial conditioned weight, 
2815 grams. 
Rug 4.-Velvet, 2 ply wool yarn, pile height 0.125 inch, 3 jute 
stuffers, 2 shot, 202 / 27" pitch, 8 wires per inch, coated back. Initial 
conditioned weight, 2520 grams. 
The rugs were conditioned prior to testing by removing all pile 
cuttings and loose material with a sweeper type vacuum cleaner. The 
rug was weighed before cleaning and cleaning was continued until 
three successive weights agreed within 0.5 gram. It was found that rug 
weights varied from day to day depending upon the relative humidity, 
but for any one test the humidity conditions stayed steady so that this 
effect could be disregarded. 
Each of these rugs was used with the same vacuum cleaner under 
the same test conditions. The results showed that the type of rug did 
influence the amount of dirt removed by the cleaner.2 
' Reported in the journal of Home Economics. 51.2, February, 1959. 
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THE TEST PROCEDURE 
Apparatus Needed 
Triple beam balance: capacity, JOI I grams; sensltlv1ty, 0.05 gram. 
Torsion balance: capacity, 4.5 kilograms; sensitivity, 0.25 gram. 
Solution balance: capacity, 20 kilograms; sensitivity, I gram. 
Test rug. 
Synthetic dirt. 
Plywood base with clamps to keep rug taut. See Figures I and 2. 
Embedding tool. See Figures l and 3. 
Lawn roller; drum diameter 18 inches, drum length, 24 inches; 
total weight with water, 150 pounds. See Figure l. 
Metronome. 
The Test Rug 
To be satisfactory for evaluating the cleaning ability of vacuum 
cleaners, the test rug should retain both lightly and deeply embedded 
dirt, and yet the dirt should not be so tightly held by the pile that the 
rug can not be thoroughly cleaned by a vacuum cleaner. 
Rug I was chosen as the test rug because dirt remaining in the 
rug after a test cou ld be removed by a sweeper type cleaner operating 
at 125 volts. Rugs 2 and 3 could not be completely cleaned by any of 
the vacuum cleaners avai lable in the laboratory and Rug 4 could be 
cleaned too easily. 
The Synthetic Dirt 
A 135-gram dirt sample was prepared by adding to a half-pint jar 
Amberlite, talc and sand in the proportions specified in the section 
development of the synthetic dirt. The exact weight of each compo-
nent would depend upon the group of particles of various sizes con-
tained in each material. 
For this test procedure, the weights of materials used were: 
Amberlite XE-97 .. 56.l grams 
Amberlite XE-117 ... 11.4 grams 
Talc .. ....... 31.l grams 
Banding sand . . . ... . . .. .. .. . . ... 12.0 grams 
Fine builder's sand.. . .................... ........... 23.3 grams 
Amberlite XE-97 contained particles that passed through a #200 
sieve and particles that passed through a #50 sieve and were collected 
on a #200 sieve. Amberlite XE-117 contained particles that were col-
lected on a #50 sieve and also passed through a #50 sieve, but were 
collected on a #200 sieve. The talc was the inorganic matter that 
5 
Figure I. Apparatus for embedding the dirt in the rug held taut b y the plywood 
base. Part of the dirt sprinkled on the rug has been worked into the rug b y 
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for bolt he.ad or nut 
Figure 2. End view of the clamp and plywood end-piece used to fasten the rug to 
the plywood base. Portion of wood cut out to show countersink in clamp. 
passed through a #200 sieve. The sand was the remainder of the inor-
ganic matter. 
Whatever the choice of materials used for the synthetic dirt, the 
material should be sieved to determine the proportion of particles in 
each group of sieves. 
Preparation of the Test Vacuum Cleaner and Equipment 
All of the dirt was removed from the vacuum cleaner with brushes 
and a tank type vacuum cleaner used only for cleaning the test clean-
ers. Cloth dirt receptacles were thoroughly cleaned both inside and 
outside. Whenever the dirt receptacle was a paper bag, a new bag was 
used. Non-automatic pile adjusters were set according to manufac-
turer 's directions for the pile height of the test rug. When ready for 
testing, the vacuum cleaner was weighed on the solution balance to 
determine the initial weight of the cleaner. 
The test rug was loosely rolled and tied and then weighed on the 
torsion balance. The rug was then fastened to the plywood base and 
cleaned with a sweeper cleaner operated at 125 Yol ts. The cleaner was 
used only for the final cleaning of the rug before testing. When the rug 
weighed within 0.5 gram for three successive cleanings, it was consid-
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Figure 3. Cross section through the m iddle of the embedding tool. 
ered to be ready for testing and this weight was recorded as the initial 
weight of the rug. T his cleaning and weighing should be done just 
b efore testing so that moisture changes in the rug will be n egligible 
during the short test period. 
Finally, the plywood base was swept clean, and the test rug fastened 
in place. 
Embedding the Dirt 
The dirt was distributed over the rug and then carefully worked 
into the pile with the embedding tool (see Figure ?). T his embedding 
process must be done by working from the outside of the rug towards 
the middle to minimize the loss of dirt that bounces onto the floor. 
After the dirt disappears from the surface of the r ug, the lawn roller 
is moved back and forth with a twisting motion to set the dirt deeply 
into the pile. 
Weight measurement of the rug and embedded dirt showed that 
with careful m anipula tion of the embedding tools, the embedding 
loss will not exceed 3 grams on the average. H ence, for purposes of 
calculating the cleaning efficiency of the vacuum cleaner, the weight of 
dirt embedded in the rug was taken as 132 grams. Moving the rug after 








Starting stroke 1 
Return stroke 6 ..... 
forward Stroke 5 
?? -----------------------
Relurn stroke 4 
forward stroke 3 
= 
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Return stroke 2 
Forward s1rokc I 
Figure 4. Cleaning patterns for the movement of the vacuum cleaner over the rug. 
rug was left on the plywood base until the test cleaner had removed 
the first cleaning of dirt. 
Cleaning With the Test Cleaner 
Two cleaning patterns, shown in Figure 4, were satisfactory for 
the movement of the cleaner over the rug. Although both patterns 
covered the entire surface of the rug during cleaning, pattern A was 
preferred by the majority of the operators because it required less 
abrupt movement at the encl of the stroke. T he cleaner was operated at 
rated voltage or at the mid-value voltage when a range of voltage was 
listed on the nameplate. The voltage was kept steady by means of a 
manually operated voltage control. 
The rug was cleaned at the rate of l .5 feet per second. This was 
done by setting the metronome at 64 beats per minute. Allowing 4 
beats per stroke for a total of 24 strokes (the cleaning patterns were 
repeated 4 times) the cleaning time for the test rug was equivalent to 
a cleaning time of 12 minutes for a 9 x 12 rug. The metronome was 
checked against an accurate stopwatch for the correct beat. 
Measurement of the Dirt Removed 
After cleaning, the rug was removed from the plywood base, rolled 
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and tied, and then weighed on the torsion balance. The difference be-
tween this weight and the initial weight of the rug plus the embedded 
dirt (132 grams), was the amount of dirt removed. The test cleaner 
was weighed to determine the dirt gained by the cleaner. 
Percentage Dirt Removed 
Percentage dirt removed was based upon the 132 grams of dirt 
considered to be embedded in the rug. Even though the actual embed-
ding loss was not measured, it was believed that by using an embedding 
loss of 3 grams, the percentage dirt removed by the cleaner was a fairer 
measure of the cleaner performance than would be measured by using 
the actual weight of the dirt sample as the basis of calcul a tion. 
RESULTS OBTAINED WITH THIS TEST METHOD 
Only sufficient data are presented to show the accuracy that can be 
?????????by this test ?????????The data in Tables 4, 5, and 6 are the 
cleaning results obtained with two sweeper cleaners and one canister 
cleaner using cloth dirt bags that were cleaned before each test. These 
data also show the cleaning that can be expected with continued suc-
cessive cleaning of the rug. A total of five cleanings of the test rug is 
equivalent to cleaning a 9 x 12 rug for one hour. 
Table 4 represents data obtained by one operator during the de-
velopment of the test method when the test rug was new. The agree-
ment between percentages calculated from rug weights and from 
percentages calculated from cleaner weights is close, however, rug 
weights are preferred to cleaner weights because the torsion balance 
is more sensitive than the solution balance. 
Data obtained by several operators using a different sweeper 
cleaner than the one in Table 4, are listed in Table ?? ?ithin the 
range that variables can be controlled, such as embedding technique 
and cleaner operation, the agreement of the percentages of dirt re-
moved is good. For the purposes of the homemaker, an agreement 
within 53 would be satisfactory. 
Table 6 shows that good agreement between successive tests can 
be obtained with a canister cleaner equipped with a cloth dirt bag. 
Conclusions 
For the purpose of answering homemakers' questions about h?? 
much dirt is removed from a rug by a vacuum cleaner, a test procedure 
has been developed that is simple and easy to perform without the use 
of expensive and elaborate equipment. It is applicable to all types of 
vacuum cleaners and is able to show how much dirt is removed from 
a rug. Within the control of variables due to operator techniques, the 
test procedure produces results that can be duplicated. 
3A detailed report of the application of this test procedure for several vacuum 
cleaners was published in the journal of Home Econom ics, 51:2. February, 1959, 
entitled "Rug-cleaning Ability of Vacuum Cleaners." 
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Table 4. Percentage of dirt removed from Rug l by sweeper cleaner S·2 operated by the same person for a ll tests. 
Percentage dirt r?????d 
From rug weights after From clea ne r weigh ts af?er 















d ean - clean- clean - clea n- d ean - d ean - I clean - dean- clean - clea n -ing ing ing ing ing ing ing ing ing ing 
37 84.5 89.8 92.4 93 .2 95.4 82.2 87.5 88.6 89.8 90.5 
39 82.6 90.5 93.6 96.2 97.3 83.4 90.5 94.7 96.2 97 .7 
40 86.2 91.2 93.8 95.7 96.8 85. l 89.6 91.9 93.0 94.5 
69 83.2 90.6 92 .7 94.5 95.5 82.4 88.5 91.5 93.8 95.3 
70 83.9 88.6 90.5 92 .4 92.7 83.3 87.8 90. I 92.0 92.7 
71 80.9 87.1 89.4 91.3 91.6 80.7 88.2 90.5 92.8 94.3 
72 83.2 88.5 90.4 92.3 93 .1 84.7 88.9 91.9 92.3 93.4 
107 84.8 91.0 92.6 94.2 95 .3 84.0 91.0 91.4 92.6 93 .4 
108 87 .6 92.5 94.4 95.5 96.6 87.2 91.8 93.2 94.0 94.i 
109 88.5 92.3 94.6 95.4 96.9 88. l 91.5 93.5 95.0 96. l 
llO 87 .l 92.8 94.7 96.6 97 .3 85 .9 90.9 93. l 93.5 94.7 
111 85.8 91.4 93.2 93.6 94.7 85.0 91.0 92.5 92.9 93.2 
84.9± 1.8 90.5±1.4 92.7± 1.4 94.2± 1.4 95.3± 1.5 84.3± 1.7 89.8± 1.3 91.9± 1.2 93.2± 1.l 94 .2± 1.3 
Table 5. Percentage of dirt removed from Rug I by sweeper cleaner S-1 operated by several persons. 
Percentage dirt removed 
















a tor 5th 
clean- clean- clean - clean- dean- d ean - clean- clean - clean- clean-
ing ing ing ing ing ing ing ing ing ing 
97 86.3 93.9 96.9 98.4 99.4 84.4 92.0 93.5 95.0 95.0 1 
98 86.1 94.0 96.7 98.2 98.9 85.9 92.7 95.0 96.I 96.9 l 
99 85.5 94 .2 96.5 97.6 98.4 84.4 92.7 94.6 95.3 96.l 1 
100 83.7 91.3 93.2 94.7 95.4 82.9 89 .7 91.3 92.0 92.8 I 
116 89.4 93.9 97.0 99.2 100.0 88.6 92.4 95.4 98.5 99.2 2&3 
117 87.1 92 .1 95.8 97.3 98.1 87.I 92.1 95.8 97.0 97.7 2 
118 88.6 95.1 97.7 98.5 100.8 88.6 93.6 95.8 96.6 97.3 2 
119 86.0 92.4 94.3 97.2 97.4 85.6 90.9 92 .I 93.2 95.0 2&3 
"" 
121 87.I 93.2 95.5 96.6 97.0 86.7 92.1 94.7 96.2 96.2 2&3 
122 88.6 94.3 96.6 98. 1 98.5 87.5 93.6 95.I 96.6 97.3 2 
123 83.0 91.7 94.3 95.8 97.0 83.0 91.3 93.6 94.3 95.1 2 
124 87.9 95.8 98 .1 99.5 100.8 87.9 94.7 97 .0 98.1 98.5 2&3 
126 84.1 91.7 94.3 95.5 96.6 84. I 89.4 92.4 93.9 94 .7 2 
127 85.7 91.9 93.7 94.9 95.6 85.6 91.7 93 .2 94.l 94 .6 2&3 
128 87.8 92.8 95.8 96.9 98.l 87.8 92.7 95.0 95.4 96.5 2&3 
129 86.4 92.4 95.l 96.2 97.0 86.4 91.7 93.2 94.3 95.5 2&3 
1.30 86.4 92.8 95.8 97 .3 98.1 86.4 92.4 95.4 96.6 97.7 2&3 
131 87.I 92 .8 95.5 97.0 97.4 87. 1 90.9 92.4 93.6 93.9 2 
132 86.7 92.0 94.3 95 .1 96.6 86.7 9 1.7 94.3 96.2 97.0 2 
133 85 .3 93.3 95.6 96.7 97.4 85.3 90.6 92.!I 94.4 95.2 2 
134 85.!) 92.4 94.4 95.8 96.5 8!),!j 91.(i 93.'I 94.0 94 .. 2 2 
13[1 89.0 94.7 97.6 98.4 99.2 88.G 94.5 96.!) 98 .1 98.G 3 
196 91.3 96.6 98.9 100.0 I 0 I. I 9 1.3 97.0 99.G 101.5 102.2 4 
86.7± 1.4 93.3±1. 1 95.8± 1.2 97.2± 1.2 98.1:t1.3 86.4± l .5 92.3± 1.2 94 .5± 1.3 95.7± 1.6 96.4± 1 .6 
Table 6. P ercentage dirt removed by canister cleaner C-1 equipped with a cloth bag a nd the lint brush in the DOWN position. 
Percentage dirt removed 

















5th a tor 
clean- clean- clean- clean- clean- clean - clean- clean- clean- clean-
ing ing ing ing ing ing ing ing ing ing 
171 45.3 56.7 61.6 65.4 66.9 45.l 55.7 61.0 65.1 66.7 3 
"" 172 42.8 53.4 60.2 63.3 65.9 43.6 54.2 61.0 64.0 66.7 3 
173 43.6 54.6 60.2 64.8 68.9 42.8 53.0 58.0 6 1.7 64.4 3 
174 46.6 58.3 63.6 65.5 67.8 45.8 58.3 62.9 65.5 67.4 3 
175 49.2 60.6 65.5 68.G 70.4 48.9 59. 1 64.4 67.8 69.7 3 
176 44.7 54.9 60.2 63.G 68.2 43.9 54.6 59.9 62.9 67.4 3 
179 48.5 60.2 65.5 69.3 70.8 47.3 58.7 64.0 67.8 69.7 3 
228 44.7 56.8 59.1 61.7 64.0 44.7 56.8 59.9 62.2 66.7 5 
45.7±1.9 56.9±1.9 62.0± 2.2 65.3±2.0 67 .9± 1.7 45.3±1 .6 56.3±1.9 6 1.4±1.8 64.6±1.9 67.3±1.2 

